The high field rotational Zeeman effect of S02 molecules in the first excited state of the bending vibration has been studied under high resolution. Within the experimental uncertainties no r-dependence is observed for the magnetic susceptibility anisotropies, and the observed r-dependence in the g-tensor elements appears to be essentially caused by the t-dependence of the rotational constants. If this finding may be generalized to all small amplitude vibrations, prospects for sign of the electric dipole moment determinations from rotational Zeeman effect studies of different isotopic species are brighter than expected hitherto.
Introduction
Sulfur dioxide was one of the first molecules whose pure rotational spectrum was studied by microwave spectroscopy [1] and with 148 citations [summer 1983 ] in the microwave bibliography compiled by Barbara Starck [2] it is one of the most thoroughly studied molecules. Since it is a com paratively heavy triatomic asymmetric top with several low J rotational transitions in the easily accessible frequency range between 7 and 40 GHz, it is also ideally suited to study the effect of small amplitude vibrations on the molecular parameters.
In the following we present the results of a rotational Zeeman effect investigation of sulfur dioxide in the first excited state of its bending mode (v2 = 526 cm-1).
Measurements and analysis of the data
The microwave spectrograph and high field electromagnet used in this work have been de scribed before [3, 4] . The microwave spectrum of vibrationally excited S 0 2 has been assigned and thoroughly analyzed by Morino and coworkers [5, 6] . We used the 202 1,, transition at 13457.352 MHz and the 3]3 -> 4o4 transition at 28 138.393 MHz to study the rotational Zeeman effect under the selection rules A M =0 and M = ± 1. The magnetic fields were close to 19kGauss. Signal averaging was used to increase Reprint requests to Prof. Dr. D. H. Sutter, Institut für Physikalische Chemie der Christian-Albrechts-Universität Kiel, Olshausenstr. 40, D-2300 Kiel, Germany. the S/N ratio. Typical linewidths were 120 to 150 kHz full width at half height with S/N ratios of 50 and better. In Table 1 we present the observed splittings.
For the analysis of the data the standard effective energy expression resulting from a first order perturbation treatment within the appropriate asymmetric top basis was used (see Eqs. III. 11 and III. 12 in ref. [4] or Eq. (28) in [7] ). The terms included in our analysis are (J, K .K +, M\ ^Zeeman \J, K-K+, M> 3M2-J ( J + 1) J ( J + 1) (27 -1)(2/ + 3) Table 2 . Expectation values from the squared angular momentum components calculated from the rotational constants given in [5] (see Table 3 ). Values are in units of h2 and are rounded after the fifth decimal. The expectation values for the squared angular momentum components which enter into Eq. (1) were calculated from the rotational constants (see Table 3 ) as described in [8] , Those which are of relevance here are given in Table 2 . In Table 3 we present the g-values and magnetic susceptibility anisotropies which result from a least squares fit to the Zeeman splittings listed in Table 1 . Also given in Table 3 
z" b" m -EQ -Ev = proton mass; m -electron mass; = moment of inertia about the principal inertia o-axis; = atomic number of n-th nucleus; = b-and ocoordinates of »-th nucleus with respect to the principal inertia axes system; Table 3 . Observed g-values and magnetic susceptibility anisotropies of SO: in the ground state [9, 10] an in the first excited state of the vs-bending mode (v2 = 526 cm-1). The susceptibility anisotropies are given in units of 10-6erg G~2mol_I. Also given are the corresponding effective rotational constants from the work of Morino et al. [5] . In the last column at right we have listed extrapolated ^-values, which are calculated as the ground state values weighted with the quotient of the corresponding rotational constants. They result from Eq. (2) under the assumption that the expression within the brackets is vibrationally independent i.e. that the effect of vibrational changes in the positive charge distribution is counterbalanced by the corresponding changes in the negative charge distribution. The perturbation sum runs over the excited elec tronic states.
From (2) gaa is proportional to the rotational constant A = h/&n2 Iaa). The faster the molecule rotates at given angular momentum, the larger is the corresponding g-value. Therefore, observing that the ^-values in Table 3 behave similar as the rotational constants, it is tempting to assume that their vibrational dependence is largely given by the vibrational dependence in the rotational constant i.e. that the vibrational corrections to the nuclear and electronic contributions in the bracket will almost cancel.
We therefore multiply the ground state g-values with weight factors 1,0/^0,0,0 etc., and indeed we Find that the g-\alues observed for the i;2= 1 state may be reproduced that way within the experi mental uncertainties. This was not the case in formaldehyde where a fairly strong Coriolis cou pling between the v5 and instates causes an "ano malous" vibrational dependence in the ^-values and the rotational constants [11, 12] . If the observation made here for S 02 could be generalized to all small amplitude vibrations, sign of the electric dipole moment determinations from experimental ^-values of different isotopic species should be possible without the necessity to study also the vibrational dependence. The quotients gaa$/A § etc. which are used in such dipole moment determinations should then come sufficiently close to the quotients of the corresponding equilibrium values.
